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ABSTRACT 
":; 
... I 
The work performed to date has established the technical feasibility of 
heat-sterilization of sealed nickel-cadmium sells, They maintain approxi- 
mately 75% of the nominal capacity after heat-sterilization in fully 
discharged condition, The major problem a r a s  identified and on which 
work is now being done are (1) changes in the oxygen-free capacity and 
morphology or crystsl structure sf the positive plate (2) oxidation of 
excess cadmium metal in the negative plate 2nd ( 3 )  changes in the elec- 
trolyte absorption and distributioix during heat-sterilization, 
Electrochemica1 ~erforxsmce data for automatic c o k a t i ~ ~ ~ ~ s  cycling of 
sealed control cells containing the two best available hes6-sterilizable 
separators and various levels of electrolyte are presacted. There is 
little change in the perfarmsnce of %has2 calls as a function of cycling. 
The delivered capacity increases as the rate of charge IEpcrsases, other 
conditions being the same. Optimum electrolyte l ~ e l  appears to be 
between 70 and 80% of the free POT", volume, 
A s  a part of the factorial design experimant, prelinainary data on the 
effect of cobalt on the positive and indium as vc11L as thallium on the 
negative plate performance before and af%er s%er%lfzatisn are presented. 
There does not: appear  to be a major improv~mentz in the post-sterilization 
performance characterFstfcs of these. cells as a resu l t  of these additions. 
The relative amount of electrolyte appears  to be the major factor in the 
performance of thesg ce1l.s. 
of the separator, the positive and t h e  negetive p l a t e  ehange as a r e s u l t  
of sterilization and cycling. These modify the electrolyte distribution 
in the starved cell and also affect  ehe sxygsa recombination rates at 
the negative plate. 
components are given, 
Wetking and KOH absorption characteristics 
Date for ttre changes in the KOW pick up by individual 
Further physico-chemiczl chsrtic$sriza$ions sl" t he  ac t ive  cell components 
before and af t r r  heat-sterilizatiox are un3arwey. 
diffraction, DTA, TG!! ai6 electrsa microscopic studies, 
for DTA studies are preszzt?-l. 
interpret thsse results. 
These include x-ray 
Typica l  data 
An a t t e m p t  is axnder~x-y to correlate and 
Rectangular seal.ed cells €01- Etarkhar factorial desfga studies have been 
built and are undergaing characterization cycles prim to heat-sterilization. 
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I. INTRORUGTION 
This i s  t h e  t h i r d  qua r t e r ly  progress  repor t  on t h e  h e a t - s t e r i l i z a b l e  
nickel-cadmium b a t t e r y  development under Jet Propulsion Laboratory Contract 
No, 951972, sponsored under NASA Contract NAS-7-100, Task Order No. RD-26. 
The ob jec t  of t h i s  con t r ac t  i s  t o  perform research and development work 
leading t o  t h e  design, development, f a b r i c a t i o n  and t e s t i n g  of sealed, 
rechargeable,  nickel-cadmium c e l l s  capable of heat  s t e r i l i z a t i o n .  
The heat  s t e r i l i z a t i o n  requirements include t e s t i n g  a t  135°C f o r  t y p e  
approval,  and 125°C t e s t i n g  f o r  f l i g h t  acceptance. 
l i z a t i o n  temperature, t h e  hea t ing  r a t e  i s  19"Clhour. The chamber i s  
cooled a t  the same rate a t  which it  was heated. 
For preliminary t e s t i n g  one 120-hour cyc le  may be  used. 
A t  t h e  135°C steri- 
Two such cyc les  a r e  required.  
The s p e c i f i c  t a sks  under t h i s  con t r ac t  are divided i n t o  t h r e e  broad ca ta -  
gories:  (1) e lec t rochemis t r s  involving s t a t i s t i c a l  and o ther  experiments 
f o r  cha rac t e r i z ing  and optimizing e lec t rodes ,  e l e c t r o l y t e  and separa tors  
f o r  h e a t - s t e r i l i z a b l e  N i - C d  c e l l ,  ( 2 )  case design f o r  hermetical ly  sealed,  
heat  s t e r i l i z a b l e  c e l l s ,  and (3 )  fabric_ation and evaluat ion of rec tangular ,  
4 AH sealed c e l l s  before  and a f t e r  hea t  s t e r i l i z a t i o n .  
The d e t a i l s  of each s p e c i f i c  t a s k  requirement a r e  given i n  t h e  F i r s t  Prog- 
ress Report and w i l l  not be  repeated here.  The work performed during t h e  
t h i r d  qua r t e r  i s  described i n  t h e  following sect ions.  
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11. ELECTROCHEMICAL INVESTIGATIONS 
2.1 Behavior of Sealed Control Cells 
As a part of the factorial design experiments for the development of 
hermetically sealed, heat sterilizable Nickel-Cadmium cells, it is 
necessary to develop a standard, reproducible control cell against which 
cells containing different design variables can be compared. 
control cells containing heat-sterilizable polypropylene separator 
types Pellon 14019 and Pellon Fa12140 and with varying amounts ( 6 0 ,  70, 
80 and 90% of free pore volume) of 30% KOH have been fabricated according 
Rectangular 
to the procedure described in the second quarter progress report and 
have been undergoing automatic charge discharge cycling tests to 
determine the performance on continued cycling prior to sterilization. 
Parameters measured include end of charge voltage and pressurep capacity 
delivered to 1.00 V cut off, ead of charge and end of discharge resis- 
tances and in selected cells, oxygen recombination rates. One object 
of this continued cycling of control cells is t determine what if any 
degradation in capacity or increase of resistance occurs during life 
cycles. Cycle data €or cells ContainingPellon 14019 separator for various 
rates of charge and discharge are given in Table I for 59 cycles, 
the initial several characterization cycles, only selected, represen- 
After 
tative cycle data are presented for the sake of conciseness consistant 
with clarity and usefulness, Similar data for Pellon PT2140 are given 
in Table 11. 
upon so called "rated capacity" which is a variable quantity but are 
The efficiency data given in Tables I and I1 are not based 
based upon theoretical capacity of the plates as determined by chemical 
metallurgical 
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ana lys i s  of t h e  p o s i t i v e  plates. This  t h e o r e t i c a l  capac i ty  f o r  cells  
of Table I and I1 is 5.58 AH. 
An examination of t h e  da t a  of Tables I and I1 lead t o  the  fol lowing 
general  observat ions and conclusions: 
a. The r a t e  of charge has a s i g n i f i c a n t  e f f e c t  on t h e  charge 
acceptance and on the  de l ivered  capac i ty  f o r  a given rate 
of discharge,  i n  t h i s  case 2 ampere discharge rate t o  1.0 V 
cu t  of f .  
acceptance and t h e  output e f f ic iency .  Thus, f o r  instance,  
Greater t h e  rate of charge, g r e a t e r  i s  t h e  charge 
with t h e  cells  containing type 14019 separa tor  and 80% pore 
f i l l ,  t h e  e f f i c i ency  values  are approximately 55%, 68% and 
78% f o r  charge rates of 250 ma,  400ma and 1.OA respec t ive ly .  
For t h e  c e l l s  containing FT2140 separa tor  and 80% pore f i l l ,  
t h e  corresponding e f f i c i ency  values  are approximately 35%, 
50% and 70% respec t ive ly .  It i s  w e l l  e s tab l i shed  t h a t  t h e  
charge acceptance ( o r  oxygen-free capac i ty)  a t  t h e  pos i t i ve  
p l a t e  increases  with t h e  charge rate. This i s  r e l a t e d  t o  
t h e  f a c t  t h a t  t h e  oxygen overvoltage increases  more rap id ly  
with increase  i n  cu r ren t  dens i ty  than does t h e  overvoltage 
f o r  t h e  oxida t ion  of t h e  p o s i t i v e  a c t i v e  material. 
b. The optimum amount of t h e  e l e c t r o l y t e  with both types of 
separa tor  is  between 70 and 80% oE t he  f r e e  volume. Cells 
wi th  60% pore f i l l  exhib i ted  high r e s i s t ances ,  p a r t i c u l a r l y  
with FT214O separator .  Cells with 90% pore f i l l  exhibi ted . 
3 
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excessive end of charge pressures  and r e l a t i v e l y  slow rates 
of oxygen recombination as expected. 
c. There i s  s i g n i f i c a n t  v a r i a t i o n  i n  t h e  end of charge pressure 
da t a  and more c a r e f u l  measurements of t he  pressure  r ise  on 
charge and required t o  determine the  e f f e c t  of charge rate 
on p r e s s u r e  r i s e .  Data f o r  t h e  pressure  decay on stand a r e  
being analysed now. Preliminary ana lys i s  shows l i t t l e  
d i f f e rence  i n  t h e  rates of oxygen recombination with 70% and 
80% pore f i l l s  i n  t he  c e l l s  containing 14019 and PT2140 
separators .  
d. There i s  no s i g n i f i c a n t  d i f f e rence  i n  t h e  end of charge vol tages  
between the  two types of separa tors  with 70% and 80% pore 
f i l l s .  
4 
While, from these  r e s u l t s  14019 separa tor  appears t o  be super ior  
t o  FT2140, t he  tendency of c e l l s  with 14019 t o  develop shoct 
c i r c u i t s  a f t e r  second hea t  s t e r i l i z a t i o n  r equ i r e s  t h e  inc lus ion  
of both separa tor  materials i n  f u r t h e r  f a c t o r i a l  experiments. 
1 
i 
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2.2 E f f e c t  of Various Addit ives  on t h e  P l a t e  Behavior 
2.2.1 Cobalt Addit ive t o  t h e  p o s i t i v e  p l a t e .  
P o s i t i v e  plates  conta in ing  va r ious  amounts of coba l t  hydroxide 
were prepared f o r  use i n  t h e  i n i t i a l  screening experiments, 
Several  so lu t ions  containing var ious  concent ra t ions  of coba l t  
n i t r a t e  and n i cke l  n i t r a t e  were prepared. Porous s i n t e r e d  
n i c k e l  plaques were vacuum impregnated i n  t h e s e  so lu t ions  and 
then  ca thod ica l ly  converted i n  30% KOFI t o  t h e  corresponding 
in so lub le  hydroxides i n  t h e  porous plaque s t ruc tu re .  A l l  t h e  
n i t r a t e  was completely reduced t o  ammonia, and t h e  r e s u l t i n g  
p l a t e s  were washed and dr ied.  The t o t a l  capac i ty  of t h e  plates  
wi th  7.5% and 15% coba l t  w a s  0.203 and 0.232 AH respec t ive ly .  
The e l ec t rode  s i z e  was 4 i n2*  These p l a t e s  were t e s t e d  f o r  
e lectrochemical  performance before  and after hea t  s t e r i l i z a t i o n  
i n  flooded, p l a s t i c  ce l l s  using Hg/HgO reference  electrodes.  
Negative p l a t e s  with approximately 50 t i m e s  t h e  capac i ty  of the 
tes t  e l ec t rodes  were used as  counter  e l ec t rodes  t o  avoid compli- 
c a t i o n  by any poss ib le  H2 evolu t ion  at t h e  counter  e l ec t rodes  
during charge. Oxygen evolved during t h e  charge cyc le  w a s  
co l l ec t ed  and measured a t  known ambient temperature and pressure  
t o  ob ta in  t h e  equiva lea t  csulombs used i n  the gas  evolut ion,  
"Oxygen-free capacity" w a s  obtained by not ing t h e  t o t a l  coulombs 
passed before  any bubbles of oxygen appeared as ind ica ted  by an  
e l e c t r o n i c  instrument s p e c i a l l y  designed t o  i n d i c a t e  t h e  i n i t i a t i o n  
of gas  evolution. Delivered capac i ty  was determined from t i m e  
p o t e n t i a l  p l o t  wi th  Mg/HgO reference  electrode.  Electrochemical 
metallurgical 
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data fgr positive plates with and wifzhoiat cobalt addition, both 
prior to and after heat sterilization are given in Table 111. 
The ratio ”02-free cap./delivered capeBs is a measure of charge 
acceptance efficiency. Coulombic efficiency rep rted in the last 
column of Table 111 is an empirical quantity and is obtained by 
adding delivered ca-pacity and AH equivalent to total gas evolved 
and dividing this quantity by the total charge input. 
It will be noted that addition of cobalt improves the charge 
acceptance of &he positive plate as indicated by relatively high 
ratio of oxygen free cepaxity to delivered cspacity before and after 
sterilization. However, after sterilization the absolute values 
of oxygen free capacity aQd delivered capacity axe drastically 
reduced for the plates containing cobalt. 
free capacity is accompa.nied by an increased polarization of the 
This reduction of oxygen- 
sterilized positive plate, Physica-chemical characterization 
of the unsterilized and sterilized positive plates with and 
without cobalt additives is now underway to determine t h e  causes 
fo r  the reduction in the oxygen-free capacity due to sterilization. 
These include BET surface area measurement, pore size distribution, 
x-ray diffraction, differential themal analysis (DTA) and thsrms- 
gravimetric analysis (TGA). 
1 to 3.  Figure 1 shows the changes in the DTA curve of the positive 
Some DTA plots are given in Figures 
plate after sterilization. Figure 2 shme DTA curve for the 
control sample not undergoing sterilization. Zaae view that the 
changes in the posieive plate during sterilization are probably 
metallurgical 
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not permanent is supported by (a) the shape of the DTA curve for 
the sterilized and cycled plate (Fig. 3) which is similar to the 
shape of the cycled unsterilized plate (Pig. 2), and (b) the 
partial recovery of the oxygen-free capacity observed during 
post-sterilization cycling. 
Cobalt is a standard additive to the positive plate of sealed and 
vented Ni-Cd cells manufactured by several companies. HoweverF, 
its exact function or role  is noc well understood, Further work 
is required to clarify its beneficial effect, if any, on the 
performance of sterilized nickel-cadmium cells, 
2,202 Indium Hydroxide and Thallium Hydroxide Additives to the 
Negative Plates. 
Standard cadmium nitrate solutions containing definite amounts 
of indium nitrate or thallium nitrate were used for this purpose, 
Vacuum impregnation of the porous sintered plaque by these selts 
followed by cathodic csnversisn in KO% to fsm tha respective 
hydroxides was carried out using the standard proeedura used for 
control negative plates. 
these plates: 
T%e following solutions were used for 
AH Capacity 
1. 4.45 molar Ccl(NQ3)2 plus 0,05 molar T1N03 0.56 
2. 4.45 molar Cd(NO3)2 plus  0.005 molar TIN 0.57 
3. 4.45 molar Cd(NQ3)2 plus 0.05 molar I . S ~ ( N O ~ ) ~  0.192 
4. 4.45 molar ~ d ( ~ 0 ~ ) ~  p1w.s 0.005 molar In(N03)2 0.18 
The capacity values are based upon analykicsl determination of Cd 
metallurgical 
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plus Cd(OH)2 and does not include any contribution by indium or 
thallium salts, The effect of these salts will be to increase the 
actual capacities above the values listed on the previous page. 
The electrochemical behavior was determined in flooded plastic cells 
similar to those used for positive plates containing cobalt. The 
results are given in Tables IV and V. 
The addition of indium to the negative plate doss not appear to 
have any beneficial effect on the performance sf the plate before 
or after sterilization as shown by the data in Table IV. Addition 
of indium generally reduces the hydrogen free capacity. 
delivered capacity following heat sterilization is also significantly 
reduced. 
additive is planned or contsmplated, 
The 
On the basis of these €aces no further work with indium 
Addition of thallium hydroxide apparently increases the hydrogen 
free capacity prior to sterilization, although the control plate, 
without any thallium a lso  gave relatively high hydrogen free 
capacity on first cyclee This hydrogen free capacity for control 
cells dropped an. sewad and third ~ycle while thz p h s t a s  containing 
thallium hydrogen frea. capacity increased on second cycle, 
definitive work with thallium addition i s  neaded before final 
More 
ns can be made, 
metallurgical 
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Effect of Sterilization on Active ComDonents 
3.0 Effect of heat sterilization on KOH absorption by the separators as well 
as by the positive and negative plates was determined during the report 
period. The data for KOH absorption by separators 14019 and FT 2140 
before and after heat-sterilization at 135°C for 64 hoursipin 30% KOH 
or 30% KOH saturated with CdO and with or without positive and negative 
plates are given in TableVI. 
separator material absorbed more KOH after sterilization. 
Without exception, all samples of the 
The presence 
of CdO in the electrolyte or the positive and the negative plates in 
contact with the separator did not have any measurable effect on the 
amount of KOH absorbed by the separator. 
the effective porosity of the separator or the capacity of the separator 
to retain KOH increases due to heat sterilization. This will result 
in effective lowering of the per cent pore fill by KOH after cell steri- 
lization and may account for increased resistance found in many cells 
following heat-sterilization treatment. For these reasons, 60 and 70% 
These results indicate that 
pore fill levels appear inadequate. 
Experimental data on the effect of heat-sterilization of the positive 
and negative plates on KOH absorption characteristics are given in 
TableVIL These results show that during the pre-sterilization cycling 
of the plates, the pick of 30% KOH increaseso After sterilization, there 
appears to be little change in KQH pick. However, on cycling these 
plates following heat-sterilization, the pick up by the positiva plates 
, 
show an increase where the pick up by negative decreases. 
will be correlated with the pore size distribution data on these plates 
to arrive at a lorzical interpretation of these c-
These data 
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TABLE VI 
ABSORPTION OF KOH SOLUTIONS 
BY TWO BEST POLYPROPYLENE SEPARATORS 
BEFORE AND AFTER STERILIZATION 
TEST 
MEDIA-+ 
30% KOH 30% KOH 30% KOH 
30% KOH & positive , &  negative sat'd with 
plate CdO i plate 
I I I 
30% KOH 30% KOH 
sat'd with sat'd with 
CdO CdO 
& positive & negative 
plate 1 plate 
Separator 
FT 2140 
Presterilization 
Poststerilization 
Incr ea s e 
14019 #2 
Presterilization 
Poststerilization 
Incr ea s e 
14019 #3 
Presterilization 
Poststerilization 
Increase 
I , 
Absorption of KOH Expressed in cc KOH/in2 separator Separator FT 2140 
Presterilization 
Poststerilization 
Increase 
14019 #2 
Presterilization 1 0.202 0.203 0.204 
Poststerilization i 0.445 0.544 0.547 
Increase i 0.243 0.341 0.343 
14019 K3 
Presterilization 0.144 0.163 0.179 
Poststerilization 0.495 0.498 0.492 
0.335 0.313 Increase 0.351 I I 
0.110 
0.166 
0.060 
0.211 
0.563 
0.352 
0.151 
0.324 
0.173 
0.116 
0.163 
0.047 
0.195 
0.301 
0.106 
0.141 
0.378 
0.237 
0.110 
0.179 
0.069 
0.192 
0.352 
0.'160 
0.159 
0.396 
0.237 
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TABLE V I 1  
EFFECT OF STERILIZATION ON THE ABSORPTION OF 30% KOH 
BY THE POSITIVE AND THE NEGATIVE PLATES 
Pre-sterilization 1 Post-sterilization 1 
.127 I 144 
I I I I 1 I 
6.4344 .119 0 143 .149 e 110 1 
I I I I I 
5.1690 .126 .145 139 e 202 I 1 I 
i 
I I I I 
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DTA and TGA Studies  
I n  order  t o  g e t  a b e t t e r  understanding of t h e  physico-chemical changes 
occurr ing p a r t i c c l a r l y  i n  t h e  state of hydra t ion  and degree of oxida t ion  
of the active mterial ,  during thermal s t e r i l i z a t i o n  of t h e  Ni-Cd cells, 
techniques of DTA and TGA are being used as reported earlier. 
Typical DTA curves f o r  t h e  p o s i t i v e  plates under t h e  fol lowing s tages  
are given i n  F igures  1 t o  4. 
F igure  1: 
F igure  2: P o s i t i v e  P l a t e  Cycled P r i o r  t o  S t e r i l i z a t i o n  
F igure  3:  
Figure  4: P o s i t i v e  P l a t e  Cycled Af t e r  S t e r i l i z a t i o n  
P o s i t i v e  P l a t e  as Received 
P o s i t i v e  Plate Afte r  Hea t -S te r i l i za t ion  
Shape of t h e  curve of Figura 4 has  been confirmed on o ther  p l a t e s .  
Similar  DTA carves  for t h e  Kegetive plates  i n  (a) as received ( b )  cycled 
(e )  a f t e r  s t e r i l i z a t i o n  and ( d )  cycled after s t e r i l i z a t i o n  are given 
i n  Figures  5, 6, 7 and 8 respec t ive ly .  
An i n t e r ? r e t a t i o n  and cox-rek t ion  of th9se  da t a  with o ther  e l ec t ro -  
chanica l  and physico-chemical data i s  now uaderway and w i l l  be reported 
i n  t h e  f i n a l  progress  repozt. 
metallurgical 
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